INTRODUCTION
Pork is one of the most consumed meats in the world. Therefore, feeding strategies have been developed by the pig industry to produce meat with high quality to satisfy consumers' demands. Pork eating quality depends mainly on intramuscular fat (IMF) content (Lonergan et al., 2007) , and a minimum IMF content of 2.5% is necessary for consumers' acceptability of cooked pork (DeVol et al., 1988) . However, for the meat industry and consumers, it is desirable to increase IMF content without an increase in carcass fat deposition, that is, to improve fat partitioning. ABSTRACT: Forty entire male pigs from a commercial crossbreed (Duroc × Large White × Landrace) were used to investigate the individual or combined effects of betaine and Arg supplementation in Lysdeficient diets on growth performance, carcass traits, and pork quality. Pigs with 59.9 ± 1.65 kg BW were randomly assigned to 1 of 5 dietary treatments (n = 8). The 5 dietary treatments were normal Lys and CP diet (0.51% Lys and 16% CP; control), reduced Lys and CP diet (0.35% Lys and 13% CP), reduced Lys and CP diet with betaine supplementation (0.33%), reduced Lys and CP diet with Arg supplementation (1.5%), and reduced Lys and CP diet with betaine and Arg supplementation (0.33% betaine and 1.5% Arg). Pigs were slaughtered at 92.7 ± 2.54 kg BW. The Lys-deficient diets (-35% Lys) increased intramuscular fat (IMF) content by 25% (P = 0.041) and meat juiciness by 12% (P = 0.041) but had a negative effect on growth performance (P < 0.05) of pigs. In addition, Lys-deficient diets increased L* (P = 0.005) and b* (P = 0.010) muscle color parameters and perirenal fat deposition (P < 0.001) and decreased both HCW (P = 0.015) and loin weight (P = 0.023).
Effect of betaine and arginine in lysine-deficient diets
Betaine and Arg supplementation of Lys-deficient diets had no effect on IMF content but increased (P < 0.05) overall pork acceptability. Arginine supplementation also increased (P = 0.003) meat tenderness. Differences in fatty acid composition of pork were not detected among dietary treatment groups. However, oleic acid was positively correlated (P < 0.05) with IMF content, juiciness, flavor, and overall acceptability of meat. Data confirm that dietary CP reduction enhances pork eating quality but negatively affects pigs' growth performance. Moreover, it is suggested that betaine and Arg supplementation of Lys-deficient diets does not further increase IMF content but improves some pork sensory traits, including overall acceptability.
Therefore, the nutritional challenge is to increase IMF content without a parallel increase in subcutaneous fat. Dietary Lys restriction applied during the growingfinishing period of pigs could enhance IMF but reduce feed efficiency and increase carcass fatness (Madeira et al., 2013a) . Betaine (or N,N,N-trimethylglycine) , a nontoxic AA derivative widely spread in nature, including in feeds, reduces pigs' carcass fatness but increases carcass dressing proportion (Sales, 2011) . In addition, Arg supplementation has been reported to increase IMF and to improve meat quality without affecting growth performance in pigs (Ma et al., 2010) . Our research group reported recently that Arg supplementation does not affect growth performance, IMF content, and pork quality traits but slightly improves meat sensory attributes of pigs (Madeira et al., 2014) .
To the best of our knowledge, there are no reports on the combined effects of dietary betaine and Arg and Lys deficiency with CP reduction on carcass traits and pork quality. These feeding strategies could promote cumulative or interactive effects, noteworthy to be exploited. Therefore, we hypothesized that the increased IMF content and pork eating quality induced by CP reduction in the growing-finishing phase of commercial crossbred pigs could be modulated by dietary supplementation of betaine and Arg or both without major undesirable effects on productive and carcass traits.
MATERIALS AND METHODS
This trial was conducted in accordance with European Union standard guidelines for human care and use of animals in experimental research (2010/63/EU Directive; Directive 2010/63/EU revising Directive 86/609/EEC on the protection of animals used for scientific purposes, adopted on 22 September 2010).
Animals and Experimental Diets
Forty crossbred entire male pigs (50% Large White × 50% Landrace females mated to 100% Duroc boars) with a BW of 59.9 ± 1.65 kg were used. Before the beginning of the experiment, pigs were housed and fed with the same conventional diets (starter diet followed by growth diet). The experimental facilities were organized in pens for 4 animals allowing individual feed intake control. The 40 animals were randomly allocated to 10 pens and the 5 treatments were randomly allocated to animals within pens after an incomplete balanced block design. The 5 diets were isoenergetic (13.3 MJ ME/kg) and formulated to contain 0.51% Lys and 16.0% CP (control diet); 0.35% Lys and 13.0% CP (Lys-deficient diet and reduced protein [LD]); 0.35 Lys, 13.0% CP, and betaine supplementation (LD with 0.33% betaine supplementation [LDB]); 0.30 Lys, 13.0% CP, and Arg supplementation (LD with 1.5% Arg supplementation [LDA]); and 0.33% Lys and 13.0% CP plus betaine plus Arg supplementation (LD with 0.33% betaine and 1.5% Arg supplementation [LDBA]; Table 1 ). The 5 diets were formulated to be isoenergetic and the 4 reduced CP diets were also designed to be isonitrogenous, which implied dietary ingredient adjustments (mostly of soybean meal and barley) to compensate the high nitrogen content of Arg (32%) in LDA and LDBA diets.
The AA were obtained from Fh Diedrichs and Ludwig Post (Mannheim, Germany). During the experiment, pigs were individually fed twice a day and had ad libitum access to water. Feed offered and refused in each meal were recorded to determine individual daily feed intake and ADFI was calculated with feed intake to divide for training days.
Diet samples were collected 4 times during the trial. Diets were analyzed for DM by drying a sample at 100°C to a constant weight. The nitrogen content was determined by the Kjeldahl method according to the AOAC International method 954.01 (AOAC, 2000) and CP was calculated as nitrogen × 6.25. The determination of ash and starch contents was performed according to the AOAC International method 942.05 (AOAC, 2000) and Clegg (1956) procedure, respectively. Crude fat was determined by extracting feed samples with petroleum ether, using an automatic Soxhlet extractor (Gerhardt Analytical Systems, Königswinter, Germany). Crude fiber was quantified according to the AOAC International method 989.03 (AOAC, 2000) . The GE content of diets was measured using an adiabatic bomb calorimeter (Parr 1261; Parr Instrument Company, Moline, IL). Fatty acid methyl esters of feed samples were analyzed by 1-step extraction transesterification using heptadecanoic acid (17:0) as the internal standard (Sukhija and Palmquist, 1988) . The AA composition was determined according to the AOAC International method 994.12 (AOAC, 2005) and quantified by HPLC (Agilent 1100; Agilent Technologies, Avondale, PA), according to Henderson et al. (2000) .
Growth Performance and Muscle Sampling
Throughout the experiment, pigs were weighed weekly before feeding. The ADG and G:F were calculated. Feed was withdrawn from animals 17 to 19 h before slaughter. Pigs were slaughtered at a BW of 92.7 ± 2.54 kg at the Unidade de Investigação em Produção Animal experimental slaughterhouse (Santarém, Portugal) following electrical stunning before exsanguination. The HCW was recorded and carcass yield was calculated. Perirenal fat depot was carefully removed and weighed. For IMF content and fatty acid composition, samples from longissimus lumborum muscle were collected from the right carcass side between the third and fifth lumbar vertebras, immediately minced, vacuum packed, and stored at -20°C until analyses.
At 24 h postmortem, backfat thickness was measured in the left carcass side at the shoulder, last rib position (the most representative location), last lumbar vertebra (L6), and second sacral vertebra, as described by Frederick (1972) . The loin was excised from the left carcass side between the last cervical and L6 lumbar vertebras and weighed just before being sliced into 2.5-cm-thick chops for sensory evaluation (second to third lumbar vertebras) and shear force measurements (first lumbar vertebra). Thereafter, chops were vacuum packed, frozen, and stored at -20°C until further analyses.
Meat Quality Traits
The pH and muscle temperature were measured in the longissimus lumborum muscle (right carcass side) at 45 min and at 24 h postmortem, using a pH meter equipped with a penetrating electrode (HI8424; Hanna Instruments, Smithfield, RI). Objective color was measured on the cut surface of the LM section 24 h postmortem, using a chromometer (Minolta CR-300; Konica Minolta, Tokyo, Japan) as previously described by Madeira et al. (2013a) .
Intramuscular Fat Content and Fatty Acid Composition
The IMF content was determined in fresh samples by hydrolysis with 4 M HCl followed by Soxhlet extraction with petroleum ether according to the AOAC International method 922.06 (AOAC, 2000) . To assess fatty acid composition in muscle, total lipids were extracted from lyophilized samples (approximately 250 mg), using dichloromethane:methanol (2:1, vol/vol), the adapted method from Folch et al. (1957) . Fatty acids were converted to fatty acid methyl esters by sequential transesterification as described by Raes et al. (2004) . Fatty acid methyl esters were analyzed using a gas chromatograph (HP7890A; Hewlett-Packard, Avondale, PA) equipped with a flame ionization detector and capillary column (30 m by 0.20 mm i.d. and 0.20-μm film thickness; Supelcowax 10; Supelco, Bellefonte, CA). Gas chromatographic conditions and fatty acid identification were the same as described in Prates et al. (2011) . The quantification of total fatty acid methyl esters was done using nonadecanoic acid (19:0) as the internal standard and the conversion of relative peak areas into weight percentages. Fatty acid methyl esters were expressed as milligrams per 100 g of muscle.
Free Amino Acids of Muscle
Muscle samples were extracted and deproteinized according to the method described by Aristoy and Toldrá (1991) . One gram of longissimus lumborum muscle was homogenized with 0.1 N HCl (dilution 1:10) using a homogenizer (Ultra-Turrax T25; IKA Werke GmbH & Co. KG, Staufen, Germany) for 1 min at 18,000 rpm. These homogenates were centrifuged at 4°C at 10,000 × g for 20 min. The supernatant was filtered through filter paper and stored at -80°C until use. Then, 200 μL of thawed sample plus 20 μL of an internal standard solution (norvaline and sarcosine, 10 nmol/μL of each; Sigma-Aldrich, St. Louis, MO) were deproteinized by adding 780 μL of ethanol and centrifuged at 14,000 × g for 10 min at 4°C. The supernatant was derivatized by online column derivatization using o-phthalaldehyde for primary AA and 9-fluorenylmethyl chloroformate for secondary AA (Henderson et al., 2000) . The derivatized AA were analyzed by reversed-phase HPLC using a column (Gemini C18 column, 150 by 4.60 mm, 5 μm; Phenomenex, Torrance, CA). The separation was performed at 40°C using a gradient between 2 solvents: 40 mM sodium phosphate at pH 7.8 (solvent A) and acetonitrile:methanol:water (45:45:10, vol/vol; solvent B). The flow rate was 2 mL/min, and the solvent gradient was initially 0% B until 1.9 min followed by a 16.2 min linear change to 57% B and a 0.5-min linear change to 100% B, which was maintained for 3.7 min. The AA analysis was achieved in 22 min. The detection was monitored using the fluorescence signal monitored at 450 nm for emission and 340 nm for excitation.
Shear Force Measurements
Frozen chops were thawed at 4°C (during 24 h) and cooked at 250°C in a plate grill (65/70 FTES Electric Griddle; Modelar Catering Equipment, Treviso, Italy) equipped with an internal thermocouple (Lufft C120; G. Lufft GmbH, Munich, Germany) until they reached 71°C as internal temperature. The cooking loss was determined by calculating the difference in weight before and after thermal processing. One hour after cooling, 8 to 10 cores parallel to muscle fiber direction (1 cm 2 ) were taken from each chop. The Warner-Bratzler shear force (WBSF; kg) parameter was measured in a texture analyzer (TA-tx2i Texture Analyzer; Stable Micro Systems, Surrey, UK) equipped with a Warner-Bratzler shear device with a 30-kg compression load cell and a crosshead speed of 5 mm/s. Data were collected with specific software (Texture Expert Exceed; Stable Micro Systems). The peak shear force measurements of 8 to 10 cores from each chop were recorded and averaged to obtain a single WBSF value per steak.
Trained Sensory Panel Analysis
For each session of trained sensory panel analysis, 10 chops were thawed and cooked, using the same conditions described for shear force measurements. All samples were trimmed of external connective tissue and cut into cores with approximately 2 by 2 by 2 cm, maintained at 60°C in heated plaques, and tasted as soon as possible. Twelve trained panelists of pork performed the sensory analysis in 4 sessions (10 samples for each session). The panelists were selected and trained according to Cross et al. (1978) . Samples were randomly distributed across sessions, and the attributes classified were tenderness, juiciness, flavor, and overall acceptability. The scale applied in the sensory analysis was structured into 8 points, with 1 being extremely tough, dry, weak, and negative and 8 being extremely tender, juicy, strong, and positive for tenderness, juiciness, flavor, and overall acceptability, respectively.
Statistical Analysis
Data were analyzed using PROC MIXED (SAS Inst., Inc., Cary, NC) considering the animal as the experimental unit and the pen as incomplete block and allowing for variance heterogeneity when necessary. The model included the effect of Lys-deficient diet and betaine and Arg supplementation. The contrasts between diets (LD = control vs. (LD, LDB, LDA, and LDBA)/4; betaine = LD vs. LDB; Arg = LD vs. LDA; betaine + Arg = LD vs. LDBA; and betaine × Arg = LDBA vs. (LDB + LDA)/2) were performed. Whenever the contrast was significant (P < 0.05), multiple comparisons of least squares means for traits were performed using the PDIFF with Tukey-Kramer adjustment options of SAS.
Pearson's correlation coefficients were calculated with the CORR procedure of SAS to elucidate possible associations among carcass characteristics, meat traits, and major fatty acids as well as meat sensory attributes with muscle free AA. The correlations were considered significant at P < 0.05 and highly significant for P < 0.01.
RESULTS

Growth Performance and Carcass Traits
Data on pigs' growth performance and carcass traits are shown in Table 2 . When the level of dietary Lys was reduced, a decrease in ADG (P = 0.023) and G:F (P < 0.001) values was observed in comparison with the control diet. Dietary supplementation of betaine and combination of betaine with Arg had no influence (P > 0.05) on feed intake, growth, and G:F parameters. Dietary Arg supplementation decreased G:F values (P = 0.003). No interaction between betaine and Arg supplementation was detected for growth performance parameters (P > 0.05).
Regarding carcass characteristics, the Lys-deficient diets (LD, LDB, LDA, and LDBA) consistently decreased HCW (P = 0.015) and loin weight (P = 0.023) and increased perirenal fat depot (P < 0.001). Even if LDB or LDA had no effect on the perirenal fat weight when compared with LD, the simultaneous supplementation of betaine and Arg resulted on a greater perirenal fat weight (P = 0.002) than in the other Lys-deficient diets and, therefore, a significant interaction between betaine and Arg was observed (P = 0.013).
Meat Quality Traits
Pork quality traits assessed in the longissimus lumborum muscle are presented in Table 3 . Diets had no effect (P > 0.05) on meat temperature and pH values. When the level of dietary Lys was reduced, an increase in meat color parameters, L* (P = 0.005) and b* (P = 0.010), was observed. In addition, WBSF decreased in pigs fed Lys-deficient diets (P = 0.045). Dietary Arg supplementation decreased meat cooking loss value when compared with the LD (P = 0.045).
Intramuscular Fat Content and Composition
Intramuscular fat content and fatty acid composition in the longissimus lumborum muscle are shown in Table 4 . The Lys-deficient diet increased IMF content (P = 0.041) without affecting fatty acid composition (P > 0.05). In addition, betaine and Arg supplementation had no effect (P > 0.05) on either IMF content or on fatty acid composition when compared with the nonsupplemented Lys-deficient diet (LD).
Free Amino Acids
Free AA composition of the longissimus lumborum muscle is presented in Table 5 . Compared with the control diet, pigs fed Lys-deficient diets (LD, LDB, LDA, and LDBA) had greater concentrations of Ala (P = 0.011) and Ser (P = 0.033). When compared with pigs fed LD, pigs fed LDA had greater concentrations of Ala (P = 0.018), Arg (P = 0.021), Asp (P = 0.008), Leu (P = 0.010), Phe (P = 0.025), and Val (P = 0.004). An interaction between betaine and Arg treatments was observed for Arg (P = 0.014), Leu (P = 0.036), Ser (P = 0.021), and Val (P = 0.047), which displayed greater concentrations in pigs fed the LDBA diet than in pigs fed the LDB or LDA diets.
Trained Sensory Panel Analysis
The trained sensory panel scores for the longissimus lumborum muscle are presented in Table 6 . Meat from pigs produced under Lys-deficient diets had greater juiciness (P = 0.041) and tended to have increased overall acceptability (P = 0.099) when compared with the control. The LDA increased tenderness (P = 0.003) and overall acceptability (P = 0.01), whereas the LDB increased overall acceptability of pork (P = 0.044) relative to the LD. A negative interaction between betaine and Arg was found for meat juiciness (P = 0.021) and overall acceptability (P = 0.011).
Correlations among Growth Performance, Carcass Traits, and Sensory Scores
The r found among IMF, major fatty acids, ADFI, ADG, G:F, HCW, carcass yield, loin weight, pH at 24 h, WBSF, cooking loss, and trained sensory panel scores are shown in Table 7 . As IMF content increases, its fatty acid composition changes by increasing the proportion of 18:1c9 and decreasing the proportion of 18:2n-6. In addition, a moderate positive correlation (0.7 ≥ r ≥ 0.3) between IMF deposition and juiciness (P < 0.05) and overall acceptability (P < 0.05) was observed. Negative correlations were detected between IMF and G:F (P < 0.05), carcass yield (P < 0.05), and cooking loss (P < 0.05). 1 Control = normal Lys and protein diet; LD = Lys-deficient diet and reduced protein; LDB = LD with 0.33% betaine supplementation; LDA = LD with 1.5% Arg supplementation; LDBA = LD with 0.33% betaine and 1.5% Arg supplementation; n = 8 for each dietary treatment. Regarding the correlations among growth performance parameters and carcass traits, ADFI presented a negative moderate correlation with G:F (P < 0.05). In addition, ADG was highly correlated (r > 0.7) with G:F (P < 0.001). The HCW parameter presented moderate positive correlations with carcass yield (P < 0.01), loin weight (P < 0.01), and pH at 24 h (P < 0.05). Following the same trend, the loin weight correlated with WBSF (P < 0.01). In turn, WBSF was positively correlated with cooking loss (P < 0.05) but negatively correlated with juiciness (P < 0.05) and overall acceptability (P < 0.05) of pork. Regarding the panel scores, the overall acceptability of pork was strongly correlated with tenderness (P < 0.001) and moderately correlated with juiciness (P < 0.001) and flavor (P < 0.01). Furthermore, the overall acceptability of pork had a moderate negative correlation with off-flavor (P < 0.01). Juiciness was positively correlated with 16:0 (P < 0.001), 18:0 (P < 0.05), and 18:1c9 (P < 0.01) but negatively correlated with 18:2n-6 (P < 0.001). Also, the overall acceptability of pork was positively correlated with 16:0 (P < 0.01) and 18:1c9 (P < 0.05) but negatively correlated with the 18:2n-6 (P < 0.01).
Correlations among Sensory Scores and Free Amino Acids
The correlation values between trained sensory panel scores and free AA contents in the muscle are presented in Table 8 . Moderate positive correlations were observed between juiciness and several AA, such as Asn (P < 0.01), Ser (P < 0.01), Arg (P < 0.05), Val (P < 0.05), Phe (P < 0.05), Ile (P < 0.05), and Leu (P < 0.05). A positive correlation between tenderness and Gly (P < 0.05) was observed. In addition, flavor was positively correlated with Gln (P < 0.05), Thr (P < 0.01), and Tyr (P < 0.05). Finally, moderate positive correlations between the overall acceptability of pork and Ser (P < 0.01), Gly (P < 0.001), and Lys (P < 0.01) were observed. In addition, the overall acceptability of pork correlated negatively with Met (P < 0.05).
DISCUSSION
The IMF content is a major factor influencing pork quality and respective sensory attributes. The reduction of dietary CP from 16% in the control diet to 13% in the reduced-protein diets increased the IMF content by 25%. This finding agrees with previous studies using crossbred pigs with different concentrations of CP (21 vs. 18% [Wood et al., 2004] and 20 vs. 16% [Doran et al., 2006] ) and a similar concentration of CP (16 vs. 13%; Madeira et al., 2014) and is thought to be mediated by Lys deficiency (Madeira et al., 2013a) . In contrast, Hyun et al. (2007) reported an increased IMF content in pigs fed diets with both low Lys and high Leu levels but with different concentrations of CP (14 vs. 12%) in the diet. It should be noted that, in our study, the 1.5% Arg supplementation implied important dietary ingredient 1 Control = normal Lys and protein diet; LD = Lys-deficient diet and reduced protein; LDB = LD with 0.33% betaine supplementation; LDA = LD with 1.5% Arg supplementation; LDBA = LD with 0.33% betaine and 1.5% Arg supplementation; n = 8 for each dietary treatment. 1 Control = normal Lys and protein diet; LD = Lys-deficient diet and reduced protein; LDB = LD with 0.33% betaine supplementation; LDA = LD with 1.5% Arg supplementation; LDBA = LD with 0.33% betaine and 1.5% Arg supplementation; n = 8 for each dietary treatment.
2 Sensory scores: scale with 8 points, with 1 = extremely tough, dry, weak, and negative for tenderness, juiciness, flavor, and overall acceptability, respectively, and 8 = extremely tender, juicy, strong, and positive for tenderness, juiciness, flavor, and overall acceptability, respectively. adjustments, mainly for soybean meal and barley, thus originating different AA profiles in the distinct Lys-deficient diets (LD, LDB, LDA, and LDBA). Fernandez et al. (1999) reported that sensory attributes could be improved when IMF levels increase above approximately 2.5%. However, in our study, the IMF levels were below 2.5% (1.63-2.25%), and the panel scores of the sensory attributes were consequently low. The supplementation of a Lys-deficient diet with betaine had no effect on IMF content, backfat thickness, and perirenal fat deposition. Betaine has been used as a dietary supplement in a concentration of about 0.125% to reduce fat deposition and to increase lean muscle mass in pigs (Fernández-Fígares et al., 2002; Huang et al., 2006 Huang et al., , 2008 . In line with this, we hypothesized that supplementation of a Lys-deficient diet with betaine might prevent the increase in carcass fatness without compromising the desirable increase in IMF. Moreover, a positive effect of betaine on IMF of LM has been already reported in Alentejano breed pigs with 0.10% of dietary betaine (Martins et al., 2012) and commercial crossbred pigs had increased marbling scores with 0.15% of betaine in diet (Yu et al., 2004) . However, our results indicate that 0.33% betaine supplementation does not modify the overall pattern induced by 19% of protein reduction (16 vs. 13%).
Arginine regulates the partitioning of dietary energy in favor of muscle protein accretion (Wu et al., 2007) and increases IMF in pigs (Tan et al., 2009; Ma et al., 2010) . Therefore, herein, we exploited the possibility that 1.5% Arg supplementation might amplify the basal increase in IMF obtained with the Lysdeficient diet. However, our results indicate no such additive effect with the Lys-deficient diet. This is consistent with previous results where 1% of dietary Arg supplementation failed to increase IMF (Go et al., 2012; Madeira et al., 2014) . This discrepancy could be justified by the use of different pig genetic lines. Also, the different AA composition of Lys-deficient diets, promoted by the supplementation with Arg (very rich in nitrogen), could interfere with the putative additive effect between Lys-deficient diets and Arg supplementation. Furthermore, the combination of dietary betaine and Arg supplementation did not result in further improvement of IMF content above that achieved with the Lys-deficient diet. Moreover, an increase in perirenal fat deposition was observed when betaine and Arg were supplemented together. Finally, the efficiency reduction of feed utilization (G:F) observed in pigs fed Arg-supplemented diets might be explained by excess of Arg. In fact, excess supplemental Arg could interfere with Lys utilization, through a classic AA imbalance rather than AA antagonism, and adversely affect pig growth performance (Southern and Baker, 1982) .
It is well established that Lys-deficient diets promote IMF deposition in lean pig genotypes (Madeira et al., 2013a) , which is mediated by upregulation of the stearoyl-CoA desaturase (SCD) gene (Madeira et al., 2013b) . However, negative side effects, such as slower growth rate, thicker backfat, larger perirenal fat deposition, lower loin weight, and smaller G:F ratio, are frequently reported (Goerl et al., 1995; Kerr et al., 1995; Madeira et al., 2013a) . In the present study, dietary betaine supplementation had no impact on growth performance as well as on carcass characteristics, which are in agreement with some previous reports in gilts (Matthews et al., 1998; Overland et al., 1999) . However, other studies have shown that dietary betaine supplementation can increase ADG, final BW, and loin muscle area as well as reduce average backfat thickness in crossbred (Yorkshire × Landrace) gilts (Wray-Cahen et al., 2004) and in crossbred (Seghers × Seghers × Duroc) barrows and gilts (Huang et al., 2006 (Huang et al., , 2008 ). In fact, Sales (2011) reported a meta-analysis in which betaine supplementation decreased carcass fat and feed conversion ratio in growing-finishing pigs, although no significant effect was found for ADG.
The consumers' perception of fresh pork color is the primary factor influencing their intent to purchase. The light reflectance and pH are effective tools for sorting pork carcasses into quality classes (Bredahl et al., 1998; Norman et al., 2004) . Herein, the lightness and yellowness increased in meat from pigs fed Lysdeficient diets, possibly due to the greater IMF content. Some studies have shown that IMF content can increase longissimus color intensity (Goerl et al., 1995; Teye et al., 2006) . Dietary betaine supplementation did not affect temperature, pH, color, WBSF, and cooking loss of meat. However, Matthews et al. (2001) reported that pigs fed 0.25% of betaine had a lower L* value than pigs fed the control diet. In the present study, Arg supplementation had no influence on meat color, pH, temperature, and WBSF but decreased cooking loss. In contrast, dietary Arg has been reported to simultaneously increase the lightness of muscle and decrease pH at 24 h postmortem (Go et al., 2012) .
Our research group has shown that the increase of IMF induced by Lys-deficient diets was associated with an increase of SFA and MUFA proportions in meat (Madeira et al., 2013b (Madeira et al., , 2014 . Also, Tan et al. (2011) found that dietary Arg supplementation increased the percentage of oleic acid in longissimus dorsi muscle. In the present experiment, we could not detect significant variations in individual fatty acids or in their partial sums due to the large variability observed in experimental values. In spite of this, a positive correlation between 18:1c9 and IMF and a negative correlation between 18:2n-6 and IMF, juici-ness, and overall acceptability were observed. This is consistent with the role of increased MUFA and decreased PUFA concentrations in eating quality of pork proposed by Cameron and Enser (1991) . The responses of Lys-deficient diets are breed specific. Bessa et al. (2013) demonstrated changes in responses of different pig breeds to a Lys-deficient diet in terms of SCD protein expression and fatty acid composition.
Besides meat color, the acceptability of pork depends on its sensory attributes, in particular tenderness, juiciness, and flavor (Aaslyng et al., 2007) . In addition, a greater IMF content has a positive effect on juiciness, palatability, and tenderness of meat (Wood et al., 1996) . Nevertheless, IMF was correlated with juiciness and overall acceptability, which in turn increased with IMF content. Facing this discussion, the IMF content has an important role on sensory characteristics of meat (Wood et al., 2004; Cannata et al., 2010) . Our results showed an increased overall acceptability of pork with betaine supplementation and an increased tenderness and overall acceptability with Arg supplementation, but these effects cannot be explained by IMF content, as it did not increase with these dietary treatments. However, a positive effect of Arg supplementation in tenderness and overall acceptability of pork, not associated with IMF, has already been reported (Madeira et al., 2014) . The free AA in longissimus lumborum muscle was also affected by Arg supplementation; it is tempting to associate these changes with the sensorial scores. There are no studies that exploit the causes of an increased tenderness with Arg supplementation in pork. However, Jiao et al. (2010) proposed that dietary Arg supplementation could affect heat-soluble collagen properties, thus improving broiler meat characteristics. Dietary Arg up to 120% of the value recommended by the NRC (NRC, 1998) increases lean meat deposition and meat tenderness in broilers. In fact, a greater fraction of heat-soluble collagen is indicative of more youthful, labile, less cross-linked collagen and overall tenderness of meat (McCormick, 1999) .
In conclusion, the reduction of dietary Lys level during the growing-finishing phase of commercial crossbred pigs increased IMF and perirenal fat depot but reduced ADG, G:F ratio, HCW, and loin weight. In our experimental conditions, neither betaine nor Arg supplementation of Lys-deficient diets changed the basal response pattern of pork, except for cooking loss, tenderness, and overall acceptability. The positive effects observed for Arg on pork cooking loss, tenderness, and overall acceptability as well as for betaine on pork overall acceptability are independent of IMF content. These findings warrant further understanding to determine if dietary Arg and betaine supplementation should be used in animal production to improve pork eating quality.
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